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Summary  In  the  present  paper,  the  airgap  eccentricity  fault  of  the  induction  motor  has  been
diagnosed  by  digital  signal  processing  transformative  techniques  in  the  inverter  driven  induction
motor drives.  The  airgap  eccentricity  fault  has  been  diagnosed  in  the  transient  condition  by
time domain  as  well  as  time-frequency  domain  techniques  with  the  help  of  a  proposed  dynamic
simulation  model.  In  the  past,  many  signal  processing  techniques  had  been  used  for  various
induction motor  fault  detection  purpose  such  as  fast  Fourier  transform,  Hilbert  transform,  short
term Fourier  transform,  etc.  But,  all  techniques  faced  some  sort  of  disadvantages.  Therefore,
in this  paper,  all  shortcomings  of  the  previous  used  signal  processing  techniques  have  been
solved by  newly  wavelet  transform’s  approximation  signal.  The  low  frequency  approximation
signal has  been  used  to  diagnose  the  eccentricity  fault  in  the  transient  condition.  Therefore,
early fault  diagnosis  of  the  motor  is  possible  and  averted  the  motor  before  reaching  in  theWavelet  transform;
Approximation  signal
ruinous conditions.  As  a  result,  the  industries  may  save  large  revenues  and  unexpected  failure
conditions.  The  obtained  results  clearly  demonstrate  that  the  developed  diagnostic  technique
may reliably  separate  airgap  eccentricity  fault  in  many  stages.
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ntroduction
n  the  industries,  the  AC  electric  motors  especially  squirrel
age  induction  motor  is  widely  used  in  many  variable  speed
pplications  with  electronics  inverters.  In  order  to  substan-
iate  and  increase  the  productivity,  reliability  and  safety  of
ndustrial  installations,  a  permanent  condition  (health)  mon-
toring  of  critical  motors  is  essential.  Because  of  this  reason,
he  research  on  health  monitoring  of  induction  motors  have
een  widely  studied  and  became  a  challenging  task  for  many
esearchers  for  decades  (Siddiqui  et  al.,  2015a,b,c).
Many  researchers  proposed  various  dynamic  models  for
nalysis  and  fault  diagnosis  purpose.  The  dynamic  mod-
ls  always  consider  the  instantaneous  effects  of  varying
oltage,  currents,  torque  disturbance  and  stator  frequency
Siddiqui  et  al.,  2015a,c;  Sahraoui  et  al.,  2008).
Most  of  the  faults  in  three-phase  induction  motors  have
elationship  with  air-gap  eccentricity  which  is  the  condition
f  the  unequal  air-gap  between  the  stator  and  the  rotor.
his  fault  can  result  from  variety  of  sources  such  as  incor-
ect  bearing  positioning  during  assembly,  worn  bearings,  a
haft  deﬂection,  heavy  load  and  so  on.  In  general,  there  are
wo  forms  of  air-gap  eccentricity:  radial  (where  the  axis  of
he  rotor  is  parallel  to  the  stator  axis)  and  axial.  Each  of
hem  can  be  static  (where  the  rotor  is  displaced  from  the
tator  bore  centre  but  is  still  turning  upon  its  own  axis)  or
ynamic  eccentricity  (where  the  rotor  is  still  turning  upon
he  stator  bore  centre  but  not  on  its  own  centre)  (Siddiqui
t  al.,  2015a;  Hegde  and  Maruthi,  2012;  Intesar  et  al.,  2011;
ahraoui  et  al.,  2008).
Many  researchers  used  stator  current  parameter  for
nduction  motor  fault  diagnosis  purpose  because  it  does
ot  require  costly  sensors.  This  technique  is  called  motor
urrent  signature  analysis  (MCSA)  technique  (Hegde  and
aruthi,  2012;  Intesar  et  al.,  2011;  Siddiqui  et  al.,  2015b).
n  the  past,  the  fast  Fourier  transform  (FFT)  method
sed  for  induction  motor  fault  diagnosis  purpose  by  power
pectrums.  But,  this  technique  has  not  diagnosed  faults  in
he  transient  condition  and  variable  load.  Therefore,  the
hort  term  Fourier  transform  (STFT)  technique  used  for
ault  diagnosis  purpose  but  it  shows  poor  frequency  reso-
ution  because  of  constant  window  size.  Therefore,  there
f
T
a
Figure  1  PWM  inverter  fed  inductionK.M.  Siddiqui  et  al.
s  a  strong  need  to  develop  health  monitoring  techniques
o  address  these  issues  to  allow  earlier  detection  of  airgap
ccentricity  faults.
In  the  present  time,  the  acoustics  emissions  technology
s  also  being  used  in  the  health  monitoring  of  the  rotating
achines  (Elesha  et  al.,  2015).  This  technique  is  also  unable
o  diagnose  induction  motor  faults  in  the  transient  condition
fﬁciently.
In  the  recent  past,  many  researchers  used  wavelet  trans-
orm  technique  for  diagnosing  induction  motor  faults.  But,
hey  have  avoided  one  problem,  if  any  fault  having  very  low
requency  then  how  one  may  diagnose  the  airgap  eccentric-
ties  fault  or  other  induction  motor  faults.  Therefore,  in  the
resent  paper,  we  have  attempted  to  give  solution  of  such
roblems  by  Wavelet’s  low  frequency  approximation  signal.
roposed simulation model and detection of
irgap eccentricity fault by wavelet transform
 3  hp,  220  V,  50  Hz,  1440  rpm  squirrel  cage  induction  motor
riven  by  pulse  width  modulated  (PWM)  inverter  has  been
sed  for  the  airgap  eccentricity  fault  diagnosis  purpose  and
t  is  as  shown  in  Fig.  1.  The  complete  details  of  dynamic  sim-
lation  model  and  mathematical  modelling  of  healthy  and
irgap  faulty  conditions  are  given  in  Siddiqui  et  al.  (2015b).
The  line-to-line  RMS  output  voltage  is  a  function  of  the
C  input  voltage  and  of  the  modulation  index  m  is  as  given
n  the  following  equation:
LLrms = m2 ×
√
3
2
Vdc =  m  ×  0.612  ×  Vdc (1)
Therefore,  a  DC  voltage  of  400  V  with  a  modulation  factor
f  0.95  yields  the  232.7  V  RMS  voltages,  which  is  the  nominal
oltage  of  the  used  induction  motor.
ime domain analysis for  healthy and airgap
aulty conditions of the motor
he  simulation  results  of  healthy  induction  motor  condition
re  as  shown  in  Fig.  2. In  the  time  domain  analysis,  the
 motor  drives  simulation  model.
Diagnosis  of  airgap  eccentricity  fault  129
-80
-60
-40
-20
100
120
<
St
at
or
 c
ur
re
nt
 is
_a
 (A
)>
-200
200
400
600
800
1000
1200
1400
1600
R
ot
or
 S
pe
ed
(R
PM
)
0 0.1 0.2 0.3 0.4
0
20
40
60
80
0 0.1 0.2 0.3 0.4
0
(a)
(c)
0.5 0.6 0.7 0.8
Time (seconds)
0.5 0.6 0.7 0.8
Time (seconds)
0.9 1 0 0.1-100
-80
-60
-40
-20
0
20
40
60
80
100
<
R
ot
or
 c
ur
re
nt
 ir
_a
 (A
)>
0.9 1 0 0.1
-40
-20
0
20
40
60
80
100
120
140
160
<
El
ec
tro
m
ag
ne
tic
 to
rq
ue
 T
e 
(N
*m
)>
(b)
(d)
0.2 0.3 0.4 0.50
Time (seconds)
0.2 0.3 0.4 0.5
Time (seconds)
.6 0.7 0.8 0.9 1
0.6 0.7 0.8 0.9 1
b)  ro
m
iFigure  2  Healthy  condition  of  the  motor  (a)  stator  current,  (
stator  current,  rotor  current,  rotor  speed  and  electromag-
netic  torque  parameters  have  been  used  for  the  healthy
and  airgap  faulty  conditions  purpose.  For  healthy  condition,
the  slip  is  set  at  1  (s  =  1)  with  nominal  mechanical  load
torque  15  N·m.  The  results  of  Fig.  2(a—d)  show  that  all  four
motor  parameters  have  been  reached  in  the  steady  state
condition  after  0.3  s.
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Figure  3  Airgap  eccentricity  (20%)  faulty  condition  of  the  motor  
electromagnetic  torque.tor  current,  (c)  rotor  speed,  and  (d)  electromagnetic  torque.
The  healthy  induction  motor  will  be  treated  as  faulty
otor;  if  we  change  slip  and  load  torque.  If  the  load  torque
ncreases  above  the  prescribed  limit  of  the  motor  then  the
irgap  between  the  stator  and  rotor  will  be  changed.  Conse-
uently,  the  unbalanced  radial  forces  (unbalanced  magnetic
ull  or  UMP)  may  cause  rotor  to  rub  with  stator.  If  further
ncreases  the  load  toque  with  corresponding  slips  then  the
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(Figure  4  Separate  decomposition  of  the  stator  signirgap  eccentricity  becomes  large.  If,  the  airgap  eccentric-
ty  irregularity  condition  not  diagnosed  on  time  then  drastic
onsequences  will  be  taken  place  in  the  whole  industrial
lant.
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igure  5  Approximation  signals  (a)  healthy  condition,  (b)  20%  chan
d) 40%  change  in  airgap  condition.)  healthy  condition  and  (b)  bearing  faulty  condition.If  we  observe  Fig.  2(a—d)  and  Fig.  3(a—d)  can  conclude
hat  a efﬁcient  airgap  fault  has  been  diagnosed  in  the
ransient  condition  due  to  non-intrusive  nature  of  the  wave-
orms.  In  the  next  section  only  stator  current  signal  is  used
ge  in  airgap  condition,  (c)  30%  change  in  airgap  condition,  and
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for  the  fault  diagnosis  purpose  due  to  important  features  of
MCSA.
Time-frequency domain analysis for healthy
and airgap faulty conditions of the motor
In  this  section,  the  airgap  eccentricity  fault  has  been
diagnosed  by  wavelet  transform  for  many  stages  by  approx-
imation  signals.  These  wavelet’s  parameters  has  been  used
for  healthy  and  airgap  eccentricity  fault  diagnosis  purpose;
data  size:  200002,  wavelet:  debauchees  (dB-10),  decompo-
sition  level:  12,  wavelet  methods:  separate  decomposition
and  tree  decomposition.
The  sampling  frequency  is  chosen  and  set  at  5  kHz.  The
original  stator  current  signal  has  been  decomposed  up  to
12th  level  for  extraction  of  low  frequency  information.  The
12th  level  approximation  signal  contains  frequency  band
2.44—1.22  Hz.  Fig.  4(a  and  b)  clearly  explains  why  we  have
done  up  to  12th  level  decomposition.
Now,  we  have  chosen  only  12th  level  low  frequency
approximation  signal  for  airgap  eccentricity  fault  diagnosis
purpose.  Here,  we  have  obtained  series  of  simulation  results
for  diagnosing  the  airgap  eccentricity  fault  for  change  in  the
airgap  20%,  30%  and  40%.  Due  to  the  non-intrusive  nature  of
the  waveforms,  it  may  be  observed  that  all  the  ﬁgures  are
completely  different  from  each  other.  For  clear  understating
purpose,  observe  starting  and  end  point  of  the  waveforms.
Hence,  we  may  say  that,  efﬁcient  airgap  eccentricity  fault
detection  has  been  possible  by  this  method  in  the  transient
condition.  Similarly,  in  the  future,  the  airgap  eccentricity
fault  may  also  be  diagnosed  for  variable  load  conditions  by
using  this  technique  (Fig.  5).
Conclusions
In  this  present  paper,  the  airgap  eccentricity  fault  of
the  squirrel  cage  induction  motor  has  been  diagnosed  in
the  transient  condition  with  proposed  dynamic  simulation
model.  The  wavelet  transform’s  low  frequency  approxima-
tion  signal  have  been  used  to  distinguish  healthy  as  well  as
faulty  airgap  motor  conditions.  This  method  may  be  the  bet-
ter  solution  for  the  industries  for  diagnosing  the  airgap  fault
with  competitive  pricing  as  compared  to  other  digital  signal
processing  methods.131
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